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ABSTRACT
Survival of Enterococcal and Streptococcal Species
In the Las Vegas Wash
by
Kameron L. Entrekin
Dr. Penny S. Amy, Examination Committee Chair
Professor o f Biological Sciences
Assoeiate Provost for Campus Development
Direetor of Bioteehnology Programs
University of Nevada, Las Vegas
Survival capabilities o f indicators of fecal pollution, such as enterococci, in the
natural aquatie environment are of partieular importance in proper management of a
watershed. The Las Vegas Wash (LVW) is a naturally oeeurring and engineered
tributary to Lake Mead. Many water sourees eontribute to the LVW ineluding: storm
waters, urban runoff, ground water and 181 million gallons per day of treated
wastewater.

High levels of fecally-assoeiated mieroorganisms are observed in the

Wash, partieularly during the summer months. Lake Mead is used for recreational
purposes, and is also the primary drinking water source for southern Nevada and parts
of Arizona and California. Survivability of these organisms in this natural system will
provide information regarding the usefullness of enteroeocci as indieator organisms
and to assess the risk they impose on reereational waters.
The ability the Las Vegas Wash to sustain mierobial viability over time was
assessed utilizing ATCC cultures and environmentally isolated species. Wash water
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samples were autoelaved and seeded with known concentrations of enteroeocci
Microcosms were incubated at 25°C, and decline was measured by heterotrophic plate
counts at specific time intervals. Results of survival studies using ATCC derived
species showed that the Wash eould sustain mierobial viability over extended periods
of time, with the longest-lived speeies, E. faecium, surviving 74 days. Some isolates,
however, were not able to persist in the oligotrophie environment of the wash and
were not able to sustain viable eell counts past three weeks. E. gallinarum, E. avium,
E. faecalis and E. faecium are the most eommonly isolated speeies from the LVW,
correlating with the extended length of time they were able to survive in the mockWash environment. All three environmental isolates were able to sustain higher
eoneentrations of viable numbers in excess of 78 days.
In the joint survival eompetition experiments, trends were observed that indieated
greater fitness o f E. faecium over the other two isolates. In replicate microcosms E.
faecium became the dominant species after only seven days, and in one of the flasks it
represented 100% of the viable cell eounts after the first four time-points. The
empirical results, in terms of enterococci concentration decay rates, provide important
information about the potential longevity of indicator organisms in the natural
environment.
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CHAPTER 1

INTRODUCTION
The management of water resourees is important in the state of Nevada for
maintaining healthy eeosystems, supplying growing eommunities with potable water and
providing industries and agriculture with adequate water for their needs. Prehistorie
southern Nevada was thought to support more abundant water and vegetation than exists
today.

With time, however, water availability deelined and vegetation beeame more

sporadie and arid-adapted. What were onee fertile grasslands ehanged into a desiccated,
arid landscape that supported surfaeed as springs to nourish lush vegetation, creating
areas o f fertile land as it flowed to the Colorado River (Las Vegas History Foundation,
n.d.). The earliest evidence of human habitation dates back to approximately AD 600. A
scouting party that veered from the Spanish Trail in search of water diseovered the area
that is the present day Las Vegas Valley in the late 1700s. What they found was a virtual
oasis in the desert in the form of the Las Vegas Springs. The abundance of artesian
spring water they discovered shortened the Spanish trail to Los Angeles by allowing
voyagers to cut through rather than around the immense desert (Intermind Corporation,
2002). It was these artesian springs that originally drained into what is now the Las
Vegas Wash (Las Vegas Wash Coordination Committee, n.d.).
Mormon pioneers from Salt Lake City led the first attempts to eolonize the area in
1855 but were forced to abandon their settlement partly beeause of Indian raids (Las
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Vegas History Foundation, n.d.). Although a few ranches were established in the late
1800s, the first permanent settlement began in 1905, with the establishment of the Las
Vegas town site.

The construction of Hoover Dam brought more people to live in

southern Nevada. When World War II began, the Las Vegas Valley grew so rapidly that
the population of the area more than tripled. Between 1943 and the late 1960s Las Vegas’
population grew from just over 20,000 to 200,000, and it became apparent that depleted
ground water supplies would no longer support the Valley’s current or projeeted
population. With the inereasing population exploiting the Valley’s water resourees at a
drastie rate, the artesian ground water supply was no longer available and the Colorado
River became the principal water source for southern Nevada in 1971. In the last 20 years
alone the population has grown from approximately 300,000 to 1.6 million (Las Vegas
Wash Coordination Committee, n.d.).
Presently, southern Nevada’s drinking water comes from two sources: roughly 88%
comes from Lake Mead and only 12% comes from ground water. Approximately 97% of
the water supply to Lake Mead comes from the Colorado River. The remaining 3%
eomes from the Virgin and Muddy River inflows and the Las Vegas Wash. (Las Vegas
Valley Water Distriet, 2003). The Las Vegas Wash is the primary ehannel through whieh
the Valley’s excess water returns to Lake Mead. The Las Vegas Wash is 12 miles long
and it transports shallow ground water, stormwater, urban run-off, and approximately 181
million gallons per day of treated wastewater effluent from the Las Vegas urban area to
Las Vegas Bay o f Boulder Basin in Lake Mead (Southern Nevada Water Authority,
2004). Water losses in Lake Mead consist of evaporation, outflow through Hoover Dam,
or withdrawals through pump intakes for the Southern Nevada Water Authority and for
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Basic Management Ine. located at or near Saddle Island, which is located six miles from
the confluenee of the Las Vegas Wash with the lake (U.S. Geologieal Survey, 2004).
Lake Mead is one of the most intensely used reservoirs in the western United
States, providing drinking, industrial, and irrigation water for over 22 million users. The
quality of this water must be maintained to guarantee a reliable and safe resouree for its
many uses. Three wastewater treatment plants (City of Henderson, Clark County Water
Reelamation Distriet, and City of Las Vegas) that are situated adjacent to the Wash
generate the majority of the Las Vegas Wash flow. Several ageneies throughout the Las
Vegas Valley eonduct water quality sampling on the Las Vegas Wash and Lake Mead.
The wastewater treatment plants sample the Wash and lake to meet the requirements of
their National Pollutant Diseharge Elimination System (NPDES) permits (Las Vegas
Wash Coordination Committee, n.d.). These samplings monitor the total maximum daily
loads (TMDLs) for ammonia and total phosphate in the Las Vegas Wash and Lake Mead
as well as levels of fecal coliform bacteria. Total maximum daily loads are an assessment
of the amount of pollutant a body of water can receive and not violate water quality
standards (United States Environmental Protection Agency, 1986). TMDLs were
instituted in 1998 to help accomplish the goals of the Beneficial Use Standards (BUS) for
the Las Vegas Wash and Lake Mead established in 1989 by the Nevada Division of
Environmental Proteetion. These BUS criteria set limits for the pH, amount of dissolved
oxygen, nitrite, nitrate, total suspended solids, turbidity, chloride, sulfate, and eolonyforming units of fecal coliforms per milliliter considered safe in these waters.
States report that nonpoint source pollution (largely runoff of eontaminants) is the
leading remaining cause of water quality problems (United States Environmental
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Protection Agency, 2000). Pollution from surface runoff is hard to detect and control
because it does not eome from a single souree. Instead, many everyday activities and
traditional land use practices harm aquatie habitat by causing soil erosion and by
allowing pollutants to wash into sensitive waters.
In order to address public health risks, it is the mierobiologieal nature of the water
that is very often evaluated. Waters contaminated with human fecal material are by and
large considered to be a greater human health risk, as they are more likely to contain
human-specific enteric pathogens, ineluding Salmonella enterica serovar Thyphi,
Shigella spp., hepatitis A virus, and Norwalk-group viruses (Seott et al. 2002). Cabelli et
al. (1982) reported that there existed a linear relationship between swimming-assoeiated
gastrointestinal illness and the presenee of microbial indicators. Understanding the origin
of fecal pollution is important in evaluating associated health threats as well as aetions
neeessary to remedy the problem. Microbiological water quality, using both indicator
bacteria, indicator viruses (e.g., the coliphage) and direct monitoring for pathogens (e.g.,
the enteric protozoa, Cryptosporidium spp. and Giardia spp.) has now been addressed
under new rules for ground and surface water within the Safe Drinking Water Act.
Testing water for the presence of pathogens is not praetical. It is eonsidered too difficult
and expensive to test for all pathogens of concern in every sample, therefore testing for
mierobial indicators that are associated with these pathogens is a more practieal method.
Traditional indicator organisms have been used for many years to predict the presence
of feeal pollution in water; however, the majority of these organisms exist in the
intestines of a variety o f warm-blooded animals and are not solely limited to humans
(Orskov and Orskov, 1981). Conventionally, total and fecal coliforms have been used as
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indicators for water quality monitoring {Standard Methods fo r the Examination o f Water
and Wastewater, 1998). Total coliforms are a good indieator of outside contamination
but they are not always of human or mammalian origin. Recently, scientists have learned
more about the ways in whieh the eoliforms’ ecology, environmental frequency, and
resistance to stress differ from those organisms of whieh they are indieative (Scott et al.
2002). These differenees are so widespread that they limit the use of the coliforms as
indicators of fecal pollution. Therefore, feeal coliforms (more specifically E. coli) and
enterococci (a monophyletic group related to the feeal streptocoeeus group) have been
suggested for use as alternative indieators (United States Environmental Protection
Agency, 2000).
While most emphasis on baeterial indicators of water quality has been placed on feeal
coliforms, there are several good reasons to consider the feeal streptoeocei, and more
specifically the enterococci. Enterococci are distinguished by their ability to survive in
salt water and, in this respeet; they more elosely mimic many pathogens than do other
microbial indicators (Kinzelman et al. 2003).

There are enteroeoccal standards for

recreational water quality (33 cells per 100 ml for fresh water) therefore; these organisms
are generally useful as mierobial indicators (United States Environmental Proteetion
Agency, 2000). The enterococei tend to persist longer in the environment than feeal
eoliforms, and this may limit their usefulness as indicators of recent or nearby feeal
pollution. However, for determining the sourees of feeal pollution, an indieator with a
long survival time ean be an advantage.
Enterococcus is a subgroup related to the feeal streptoeocei that ineludes at least five
speeies:

Enterococcus

faecalis,

Enterococcus

faecium,

Enterococcus
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durans.

Enterococcus gallinarium, and Enterococcus avium. Other species may be included in
this group but there seems to be a debate in the literature as to which ones are eonsidered
to be true enteroeocci. They are differentiated from other streptoeoeei by their ability to
grow in 6.5% NaCl, pH of 9.6, and temperatures between 10°C and 45°C. The normal
habitat of enterocoeei is the gastrointestinal traet of warm-blooded animals. E. faecium
and E. faecalis are most often thought to be human-associated speeies, but studies have
indicated that they are also found in eattle (Rutkowski and Sjogren, 1987), dogs
(Devriese et al. 1987; Wheater et al. 1979), horses (Devriese et al. 1987), chiekens
(Devriese et al. 1987), rabbits (Devriese et al. 1987; Wheater et al. 1979), sheep
(Devriese et al. 1987; Geldreieh and Kenner 1969), swine (Devriese et al. 1987;
Geldreich and Kenner, 1969; Oragui and Mara, 1981), and wild birds (seagull. Fourcher
et al. 1991; duek and seagull Wheater et al. 1979). On the other hand. Fourcher et al.
(1991) found these speeies are present in chickens and seagulls, but absent or in low
numbers in cattle, horses, rabbits, sheep, and swine. Therefore, the evidenee suggests
that E. faecium and E. faecalis are found in humans, dogs, and chickens, and may or may
not be present in other warm-blooded animals. If the host range is indeed limited to
humans and a few other animals, then it may be possible to differentiate among these
limited numbers of host species using phenotypic or genotypic methods associated with
bacterial source tracking (Wheeler et al. 2002).
In the Las Vegas Wash and Lake Mead watershed, failing septie tanks, sewage
treatment plant overloads, wildlife, and urban runoff are all potential sourees of feeal
contamination that spread pathogens, impact the integrity of aquatie ecosystems, and
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impact recreational use of publie waters. Tracking the sources of feeal pollution,
however, can prove to be very problematic.
Storm water is often a significant contributor of pathogens and other pollutants to
surface waters. In an assessment of beach water quality in Texas, Clodfelter et al. (2003)
determined that the levels of enterocoeei greatly exeeeded EPA and Texas General Land
Offiee (GLO) criteria, primarily in months with higher precipitation (associated with
tropieal depressions and hurrieanes) and in those loeations eloser to population and
industrial centers (Clodfelter et al. 2003). In a study of Washington D C. waterways.
Porter et al. (2003) reported that human-assoeiated enterococci numbers showed a
substantial increase during and after storm (runoff) events. Kistmann et al. (2002)
condueted a study to measure the microbial load of drinking water reservoir tributaries
during extreme rainfall and runoff conditions. They found that the dynamics of the floods
during the runoff events eorresponded well with considerable inereases in turbidity that
eorrelated with similar inereases in the eoneentrations of feeal mieroorganisms, namely
feeal streptococci and E. coll.
During storm events, the turbidity of the water increases due to rapid movement over
the sediment, entraining it into the flow. This faet lends support to the idea that another
possible souree of contamination is the resuspension of feeal microorganisms from the
sediment below. Desmarais et al. (2002) showed that under simulated environmental
eonditions E. coli and enteroeoeei were capable of multiplying in the soil. In Australia,
Davies et al. (1995) examined the survival of culturable fecal coliforms and fecal
streptococci in freshwater and marine sediments. Their results showed that feeal
streptoeoeei survived in excess of 55 days in freshwater sediments. Fujioka et al. (1999)
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concluded that soil served as a reservoir and was the environmental source of both E. coli
and enteroeoeei in both Hawaii and Guam streams (Fujioka and Hardina, 1995; Fujioka
et al. 1999). Nutrients allow for persistence and regrowth of baeteria in sediments.
Consequently, sediments may be an important souree of these organisms to overlying
water when resuspended or transported by currents.
Another souree of eontamination is the eontribution of wildlife. In a desert where
water is searee, many types of animals can utilize open waterways such as the Las Vegas
Wash for habitat. A portion of the Wash is designated as a wetlands area, and many
varieties of birds floek there on daily and seasonal bases. With each visit, the possibility
of these ereatures contributing fecal contaminants to the Wash water increases. In an
enteroeoceal speeiation study of the Las Vegas Wash (utilizing API strips; Biomerieux,
Marcy F Etoile, France) condueted by Rosenblatt et al. (2004), it was determined that the
majority of the isolates were of avian origin. In Lake Erie, an investigation that utilized
both multiple antibiotics resistance (MAR) patterns and the genotypie determination of Fspecifie coliphage, Francy et al. (2004) were able to distinguish gull fecal contamination
from that of human sources. Whitloek et al. (2002) also used MAR patterns to track
sources of feeal contamination in a Clearwater, Florida watershed, and coneluded that the
major contributors were wild animal, human, and, to a lesser extent, dog.
The normal habitat of enteric bacteria is the intestinal traet of humans and animals.
The eonditions inside the typical gastrointestinal traet include: temperatures between 35
and 40°C, very little light, low dissolved oxygen due to anaerobic conditions, and a
biochemical oxygen demand around 2,000-5,000 m gg'\ When these organisms are
excreted and introduced into a natural water system, they need to adapt to survive in this

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

unfavorable environment.

Water eonditions vary markedly from the favorable

environment of the intestinal tract. In an open water system, temperatures can range from
5-35°C, pH ean fluetuate from ~ 4.5-9.0, there is an abundant amount of light, the
environment is aerobic, and the BOD ranges from ~ 0-30 mg/L. Water systems are
typified by their nutrient poor eonditions (Morita, 1993), and starvation is one of the
faetors that negatively affects indicator survival (Barcina et al. 1997). An organism’s
usefulness as an indicator is intrinsically linked to the survival of the organism over time
and its ability to be distinguished as coming from a unique souree.
Compared to other mierobial indieators, enteroeoeei are considered to survive longer
in the environment (Craig et al. 2003), which should suggest that they be the most fitting
gauges of health risks assoeiated with feeal eontamination of water. Some species of the
enterocoeei, such as E. faecalis, are also considered to be opportunistic pathogens that
can cause urinary traet infeetions (Lemione and Hunter, 1987) and bacterial endoearditis
(Shorroek et a/. 1990).
Due to the growing importance of the health risks associated with exposure to
contaminated water and of nosoeomial infections, which are exaeerbated by an inerease
in antibiotie resistanee, this study has been initiated to improve the basie understanding
and knowledge of enterococcal survival rates after their release into a natural aquatic
environment. The primary objectives of the study are to demonstrate whether or not
enteroeocci are eapable of surviving in the Las Vegas Wash over extended periods of
time, and to develop a preliminary understanding of the role of competition between hostspecific species in determining their survival rates.
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CHAPTER 2

SURVIVAL OF ENTEROCOCCAL AND STREPTOCOCCAL
SPECIES IN NATURAL WATERS
This chapter has been prepared for submission to the journal of Applied and
Environmental Microbiology and is presented in the style of that journal.
Abstract
The Las Vegas Wash (LVW), a naturally oeeurring tributary of Lake Mead, is the
only drainage point for the 1600 sq. mile Las Vegas hydrographie basin. Many water
sourees eontribute to the LVW ineluding: storm waters, runoff, ground water and 181
million gallons per day of treated wastewater (Southern Nevada Water Authority, 2004).
These sourees contribute pollutants to the LVW before entering Lake Mead. Lake Mead
is used for recreational purposes, and is also the primary drinking water souree for
southern Nevada and parts of Arizona and California. We are interested in understanding
the origins of fecal contamination found in the LVW and Lake Mead by using microbial
source-tracking techniques to identify potential sources. Evaluating the survivability of
enteroeoccal and streptococcal species in LVW water is the first step.
Seeding autoelaved LVW water with knovm concentrations of American Type
Culture Collection (ATCC) cultures mimieked the LVW environment. The flasks were
incubated at 25°C on a rotary shaker. Heterotrophie plate eounts were performed at the
time of inoculation, after 8, 24, 48, 96 h, and once per week thereafter. After inoculation.
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Enterococcus durans and E. porcinus exhibited an inerease in cell number followed by an
elevated plateau that persisted in excess of 42 days. Streptococcus equinus and S. canis
were the shortest-lived species, surviving 7 and 21 days, respectively. E. gallinarum, E.
avium, E. faecium, and E. faecalis initially showed a decrease in viability but were able
to survive in this environment for up to 74 days. E. gallinarum, E. avium, E. faecalis and
E. faecium are the most eommonly isolated species from the LVW, correlating with the
observed results. Survivability of these organisms for this natural system eould provide
information in identifying point sources of mierobial contamination prior to deposition in
the LVW, which will aid in management of the watershed.

Introduction
The Las Vegas region is the home to 1.6 million people and has 30 million visitors
annually, generating 181 million gallons of wastewater per day (Southern Nevada Water
Authority, 2004). The Las Vegas Wash is a naturally occurring and engineered tributary
to Lake Mead. Lake Mead is both a heavily utilized reereational area and the principal
drinking water source for the Las Vegas area. As the primary outlet for all storm water
flows, urban runoff and ground water seepage, the Las Vegas Wash is the single drainage
conduit for the entire Las Vegas hydrographic basin (Figure 1). Although the Wash is an
important contributor to Lake Mead, its flows only account for approximately 3% of the
inflow to Lake Mead (Las Vegas Valley Water District, 2003). The water quality of the
Las Vegas Wash is of particular importance to the Las Vegas population as thousands of
reereational users visit Lake Mead annually, and the location of the valley’s drinking
water intake at Saddle Island is only six miles from the outlet of the Wash into Lake
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Mead. Eighty-eight percent of the water drawn for use in Las Vegas is taken from Lake
Mead (Southern Nevada Water Authority, n.d.).
The area’s three wastewater treatment plants discharge their treated effluent into the
Las Vegas Wash. Eaeh treatment plant is responsible for testing and reporting the fecal
coliform levels of their effluent, and the levels they report are generally low to nondeteetable. Despite the minute numbers of discharged microorganisms that are reported.
Wash water samples taken downstream from the plants have yielded numbers as high as
10^ per 100 ml (Rosenblatt et al. 2004). It is this discrepancy that leads us to question the
source(s) o f these feeally-associated baeteria.
Specific attention has been given to the microbiological condition of the Wash as a
public safety issue. Most of the attention placed on the Wash is due to the potential health
risks associated with poor water quality. Waters contaminated with human feeal material
are generally eonsidered to be a greater human health threat, as they are more likely to
contain human-specifie enteric pathogens, including Salmonella enterica serovar thyphi.
Shigella spp., hepatitis A virus, and Norwalk-group viruses (Seott et al. 2002). Cabelli et
al. (1982) reported that there exists a linear relationship between swimming-associated
gastrointestinal illness and the presenee of mierobial indicators. Several mierobial
indicators were used and, of those examined, enterocoeei showed the best correlation to
gastrointestinal symptoms. The most alarming discovery of the study was the very low
enteroeoeei density in the water (10/100 ml) assoeiated with a disproportionately high
number of reported cases (approximately 10/1000 persons). On the other hand, Fleisher et
al. (1993) observed the relationship between enteroeoeei and enterovirus levels in marine
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recreational waters and their results showed that fecal streptococci were the only
indicator organisms to predict the occurrence of gastroenteritis among bathers.
Typically, total and fecal coliforms have been utilized as indicators for water quality
monitoring {Standard Methods fo r the Examination o f Water and Wastewater, 1998).
Traditional indicator organisms have been in use for many years to predict the presence
o f fecal pollution in water; however, the preponderance of these organisms exists in the
intestines of an array of warm-blooded animals and is not exclusively limited to humans
(Orskov and Orskov, 1981). Total coliforms are a good indicator of outside
contamination, but they are not always of human or mammalian origin.

Recently,

scientists have learned more about the ways in which the coliforms’ ecology, frequency,
and resistance to stress differ from pathogens (Scott et al. 2002). These dissimilarities
are so extensive that they limit the use of coliforms as indicators of fecal pollution.
Consequently, fecal coliforms (expressly E. coli) and enterococci (a subgroup of the fecal
streptococci) have been recommended for use as alternative indicators (United States
Environmental Protection Agency, 2000).
While fecal coliforms have been predominately utilized as bacterial indicators of
water quality, more recent attention has been focused on fecal streptococci, and more
specifically the enterococci. Enterococci are characterized by their ability to survive in
high salt concentrations, thus mimicking pathogen survival in marine waters. Other
microbial indicators, such as E. coli, do not survive well in this environment and are not
representative o f the organisms of which they are meant to be indicative (Kinzelman et
al. 2003).

The enterococci also tend to persist longer in the environment than fecal

coliforms; therefore, this may limit their usefulness as indicators of recent fecal pollution.

16

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

However, when determining the sources of fecal pollution, an indicator with a longer
survival time can be an advantage.
Enterococcus is a subgroup of the fecal streptococci that includes at least five species:
Enterococcus faecalis, E. faecium, E. durons, E. gallinarum, and E. avium. They can be
distinguished from other streptococci by their ability to grow in 6.5% NaCl, in a pH of
9.6 and at temperatures between 10 and 45°C (Holt, 1994). The normal habitat of
enterococci is the gastrointestinal tract of warm-blooded animals, but they are ubiquitous
and can be found in soil, food, water, plants and insects. E. faecium and E. faecalis are
most often associated with humans, but studies have shown that they are also found in
other animals (Devriese et al. 1987; Rutkowski and Sjogren, 1987; Wheater et al. 1979).
If the host range is limited to humans and a few other animals, then it may be possible to
differentiate among this limited number of host species using phenotypic or genotypic
methods associated with bacterial source tracking (Wheeler et al. 2002).
Directly measuring the pathogens in the water rather than using indicators has been
suggested, but is not in practice for several reasons. First, and most simply, routine
monitoring for each of the potential pathogens in a water sample would be a formidable
task. Secondly, enumeration methods for some of the more important pathogens
(hepatitis, rotavirus and parvo-like viruses) are unavailable, and for the rest they are
difficult. Finally, pathogen density data are difficult to interpret because methodology is
imprecise and inaccurate (Cabelli, 1982). Standard and relatively simple culture methods
for detection o f indicators have been developed, and given that healthy humans and
animals excrete these organisms, they are likely to be present in high concentrations in
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waters compared to pathogens. The water quality can consequently be assessed by the
presence or absence o f these indicators (Moe, 2002).
In the Las Vegas Wash and Lake Mead watershed, urban runoff, septic tanks, sewage
treatment plant overloads and wildlife are all potential sources of fecal contamination that
can impact recreational and consumable use of natural waters. Tracking the sources of
fecal pollution, however, can prove to be problematic.
Storm water is often a considerable contributor of pathogens and other pollutants to
surface waters. Kistemann et al. (2002) determined that storm-associated runoff events
correlated with drastic increases in turbidity and gave rise to similar increases in the
concentrations of fecal microorganisms, namely fecal streptococci and E. coli. In an
evaluation o f beach water quality in Texas, Clodfelter et al. (2003) concluded that the
levels of enterococci greatly exceeded EPA and Texas General Land Office (GEO)
criteria, predominantly in months with higher precipitation and in those locations closer
to population and industrial centers.
Storm events can also lead to increased turbidity of the water due to rapid movement
over the sediment. This disruption can lead to resuspension of fecal microorganisms from
the sediment and should be considered as another potential source of contamination. A
study of streams in both Guam and Hawaii concluded that the soil beneath the water
served as a reservoir and was the environmental source of both E. coli and enterococci
(Fujioka and Hardina 1995; Fujioka et al. 1999). Nutrients trapped in the sediments allow
for persistence and regrowth o f bacteria. Consequently, sediments may be an important
contributor o f these organisms to overlying water when resuspended or transported by
currents.
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The contribution of wildlife must also be accounted for when analyzing non-point
sources of contamination in natural waters. It is difficult to monitor or control the wildlife
signal in the environment. The Las Vegas Wash is an open waterway, and thus is subject
to habitation from many types of birds and other wild animals. Their excreted waste
contributes fecal contaminants to the Wash on a daily basis. In an enterococcal spéciation
study of the Las Vegas Wash conducted by Rosenblatt et al. (2004), it was determined
that the majority of the isolates were of avian origin.

Whitlock et al. (2002) used

Multiple Antibiotic Resistance patterns (MAR) to track sources of fecal contamination in
a Clearwater, Florida watershed and concluded that the major contributors were wild
animal, human, and, to a lesser extent, dog.
The typical habitat of enteric bacteria is the gastrointestinal tract of humans and
animals. Outside o f this favorable environment, they need to adapt to survive. Water
systems are characterized by their nutrient-deficient conditions (Morita, 1993), and
starvation is one of the factors that negatively effects survival (Barcina et al. 1997). The
survivability of each individual indicator organism over time is inherently coupled to the
organism’s usefulness as an indicator. Enterococci are considered to survive longer in
the environment than many other indicators of microbial contamination (Craig et al.
2002). This fact suggests that they may be the most appropriate gauges of fecal
contamination in water systems, due to the increasing importance of the health risks
associated with exposure to contaminated water and of hospital-acquired infections,
which are made worse by an increasing resistance to antibiotics.
This study has been initiated to improve the basic understanding and knowledge of
enterococcal survival after their release into a natural aquatic environment. The study
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objectives described herein are to determine whether or not enterococci are capable of
surviving in the Las Vegas Wash over extended periods of time, and to determine if there
is any significant difference between the survival capabilities of the different species. It is
important to note that this study uses ATCC enterococcal isolates. Seed populations
derived from other sources may not behave in a similar manner.

Materials and Methods
Sample collection and preparation. Las Vegas Wash water samples were
aseptically collected and placed on ice. The samples were taken from a site (LW 6.05) on
the LVW, downstream from all three wastewater treatment plants. The number
immediately following the sample site refers to the upstream distance, in miles, of the
sample site from the entrance of the Las Vegas Wash to Lake Mead. Aliquots of 50 ml in
125ml Erlynmeyer flasks were autoclaved for 30 min at 121 °C. Following sterilization,
the water samples were allowed to cool and subsequently refrigerated before use.
Preparation of the seed culture. Experimental cultures of Enterococcus faecium
(ATCC 19634), E. faecalis (ATCC 12984), E. gallinarum (ATCC 49610), E. avium
(ATCC 14025), E. durans (ATCC 49135), E. porcinus (ATCC 14024), S. canis (ATCC
43497), S. equinus (ATCC 9812), and S. bovis (ATCC 35034) were prepared by transfer
of a small portion of each frozen stock culture into two 10 ml tubes of sterile Brain Heart
Infusion (BHI) broth (Beckton-Dickinson, Sparks, MD) and allowed to incubate, without
shaking, at 35°C for 24 hours.

Optical Density

(O D e o o n m )

readings of each culture,

measured at 600 nm, were performed to obtain an estimate of cell density.

Cells from

the exponential growth phase were harvested at ODeoonm 0.5-0.7. Prior to introduction
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into the autoclaved Wash water, the cultures were harvested by centrifugation (3000g for
5 min at 25°C) and washed twice in an equal volume of sterile Wash water at room
temperature.

Finally, the pellets were re-suspended in 1 ml of autoclaved Wash water

and subsequently seeded into the prepared flasks. Duplicate flasks were prepared for
each organism. Seeded cultures were incubated at 25 °C on a rotary shaker at 125 rpm to
simulate Las Vegas Wash conditions.
Viability determinations. To determine culturable bacterial counts, 1/10 serial
dilutions were made in sterile deionized water, and the diluted cells were spread-plated
onto BHI (Beckton-Dickinson, Sparks, MD) agar plates.

Plates were incubated at 37°C

for 48 hr. All plates were prepared in triplicate.
Data analysis and statistical methods.

Log-transformed values of bacterial

densities were used in the statistical analysis. Linear regression was determined with
Microsoft Excel® software (Microsoft Corporation, Cambridge, MA). All microbial
concentration data were loge transformed prior to statistical analysis. Bacterial decay rates
were assumed to follow a first-order decay model. This allows the rate constant, k, to be
represented by the slope of the line of best fit from least-squares regression of logetransformed enterococci concentration plotted against time. All values of r^ derived from
regression models were adjusted for degrees of freedom. Statistical significance, p, was
assessed at a = 0.05 (i.e. 95% confidence level). In the aquatic microcosms, a twosample Student’s t test was used to evaluate the statistical significance between decay
rates of individual organisms.
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Results
Survival of enterococcal and streptococcal species in microcosms. The survival
curves for duplicate flasks of E. avium are shown in Figure 3. During the first four days
the number o f viable cells remained stable, followed by a steady decline lasting 21 days.
A brief plateau in the decline was exhibited for seven days, after which the viable counts
declined steadily until cells reached a detectable limit at 49 days. The survival curves for
duplicate flasks of S. canis are depicted in Figure 4. A two-log reduction in viable cells
was observed during the first 48 hours of the experiment. The decline appeared to slow
briefly at 96 hours, but continued the steady deterioration until cells were no longer
detectable at 21 days.
Survival curves for duplicate flasks of E. durans are shown in Figure 5. The replicate
flasks followed the same trend for the first two weeks of the experiment in that viable
cells increased slightly in the first eight hours of the experiment, followed by a gradual
decline until day 14. Flask one continued a steady die-off until day 35 where viable
numbers were observed in the 10^ range. Interestingly, at the next sampling on day 42,
cell counts on the 10® plate were determined to be too few to consider significant. Flask
two exhibited a slower rate of decline, remaining at a plateau in the 10"* range for 21 days
before displaying the same type of drastic die-off as flask one on day 49 of the
experiment.
Survival o f S. equinus is depicted in Figure 6. Both flasks of this organism
demonstrated a constant linear rate of decline from the time of initial seeding until viable
cells fell below detectable limits on day seven of the experiment. E. faecalis survival
curves are shown in Figure 7. Both flasks experienced a sharp decline in cell numbers
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during the first 4 days, after which a plateau in cell death occurred lasting 21 days. After
the plateau, viability began to decrease again at a uniform rate until viable counts fell
below detectable limits in flask one on day 49. Due to mold contamination in flask two at
day 35 the remainder of the experiment reflects only flask one.
Survival curves of duplicate flasks of E. faecium are depicted in Figure 8.

The

replicates showed a small decrease in cell counts within the first 48 hours. At 96 hours
the viable cell counts were slightly elevated from the previous time-point. At seven days
the flasks were roughly at the same cell density and the two flasks diverged from each
other somewhat with flask two remaining at slightly higher numbers than flask one. The
trend, however, remained the same between the replicates and the decline continued at a
gradual rate until no viable cells were detected after day 74.
Survival curves o f E. gallinarum are shown in Figure 9.

The decline of both

replicates of E. gallinarum can be described as a gradual sloping decay, with no sharp
drop-offs, lasting 53 days. Figure 10 illustrates the survival curves for E. porcinus. Due
to contamination in flask two in the first week, the experimental data reflects only flask
one. The decay of E. porcinus can be best described by a gradual linear regression until
day 39, at which point the decline became steeper yet was still in a viable count in the
range of 10^ cells. When a time-point was taken on day 49 the numbers had reduced
drastically and cell counts on 10® plates were not numerous enough to be considered
significant.

Discussion
Survival capabilities o f indicators of fecal pollution, such as enterococci, in the
natural aquatic environment are of particular importance in proper management of a
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watershed. The Las Vegas Wash is the primary collection conduit for all waters generated
in the Las Vegas Valley. It transports these waters to Lake Mead, the source of drinking
water for the area and the location where thousands of recreational users fish and swim
each year. The length of time these organisms are viable in the Wash environment is
crucial to estimating the potential health risks posed by such contamination.
When considering the fate of enterococcal species, one must evaluate the ability of
the Las Vegas Wash water to serve as a suitable growth medium. The normal habitat of
these organisms is by and large an anaerobic, nutrient-rich and warm environment.
Turbidity (NTU), total suspended solids (mg f ') , conductivity (pS cm'*), total dissolved
solids (mg 1'*), dissolved oxygen (mg 1'*), alkalinity (mg 1'*), temperature (°C) and total
organic carbon (mg 1'*) measurements of the Las Vegas Wash water are reported in Table
1. Many natural water systems are typified by their low nutrient conditions (Morita et al.
1993), and the LVW is similar to other nutrient-poor natural waters.
Starvation is one factor that negatively affects survival of an organism. Survival was
evaluated for eight different species of enterococci in Las Vegas Wash water. The
biphasic nature of the decay exhibited by some experimental organisms suggests initial
distress immediately after transfer from such supportive surroundings as the gut or BHI,
to the nutrient deficient environment of the LVW. With time, however, the bacteria
appear to display a starvation-survival response and adjust to their surroundings, slow
their rate of decay and persist for long periods of time in this harsh environment (Amy
and Morita, 1983).
In a spéciation study conducted by Rosenblatt et al. (2004), the four most commonly
isolated enterococcal species from the Wash are E. faecium and E. faecalis, which are
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most often associated with humans and mammals, along with E. gallinarum and E. avium
which are understood to be predominately of avian origin (Bergey’s Manual of
Systematic Bacteriology, 1984). The species that exhibited the longest survival times
were E. faecium (74 days), E. gallinarum (53 days), E. faecalis (49 days), E. avium (49
days), E. durans (49 days) and E. porcinus (46 days). These data correlate with the
spéciation findings in that, the former four, being the most commonly isolated species
from the Wash, would be expected to have the lowest decay rate in the Wash microcosm
experiments. Despite displaying comparable survival times in the Wash microcosms, E.
durans and E. porcinus were not detected in the Las Vegas Wash spéciation experiments.
These observations may be explained by the lack of competition in the solitary nature of
the experiments.
In Las Vegas Wash water, the die-off rates of five species of enterococci {E. avium,
E. durans, E. faecium, E. faecalis, and S. canis) were described by biphasic first-order
kinetics: a rapid initial die-off in the first two weeks, followed by a slower die-off in the
subsequent weeks. It is not clear from these data if this is the reflection of a biological
phenomenon, caused by a more persistent or adapted subpopulation, if the available
nutrients may have increased through utilization of dead cells, or if the populations
simply adapted. The three remaining species, E. gallinarum, S. equinus and E. porcinus
displayed typical first-order decay patterns, exhibiting a more linear die-off than the other
isolates.
In relation to all of the other species in the experiments, S. equinus was the shortestlived, surviving only seven days in the Wash microcosms. The swift decline and
disappearance of S. equinus and S. canis (21 days) after inoculation into aquatic
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microcosms confirms the results of previous spéciation investigations of the Las Vegas
Wash (Rosenblatt et al., 2004). These two species are not usually isolated from samples
o f Wash water, which lends support to the fact that their viability outside of their specific
host might be short-lived. It is also important to note that these two species are fecal
streptococci, not enterococci. Compared with the enterococci, streptococci seem to be
more fastidious and not as able to adapt to survive outside of their normal environment.
Adaptations such as the ability to live in a broad range of temperatures and at higher salt
concentrations may impart a competitive advantage to members of the enterococci in the
aquatic environment.
E. faecium and E. faecalis are of importance due to the fact that they are generally
regarded as human-associated species, and have found to be linked to health threats such
as swimming-associated gastroenteritis and bacterial endocarditis (Cabelli et al. 1982;
Shorrock et al. 1990). These two species were two of the longest-lived species surviving
74 and 49 days respectively. This longevity in natural waters allows sufficient time for
them to directly affect recreational water users. Once deposited in the sediments, the
survival of these bacteria may be further prolonged (Van Donsel and Geldreich, 1971;
Landry et a/. 1979).
The r^ values derived from the regressions for each organism, together with the upper
and lower confidence intervals (Cl), are presented in Table 2. These regression results
provide a 95% confidence interval about the decay rate.

Non-significant regression

(p>0.05) results were produced between the duplicate flasks for all organisms with the
exception of E. durans, which showed significantly different death rates between the
replicate flasks. The reason for this anomaly is not clear, but it may reflect inherent

26

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

variability from the sampling technique rather than an actual difference in rate o f decline,
since no significant difference was seen until day 21 of the experiment.
When analyzing the confidence interval overlaps of the decay rates of the individual
species (Figure 11), it was noted that four distinct groups or clusters are noticeable (Table
4). In the first group, consisting only of S. equinus, it is apparent that this species was not
only the shortest-lived, but that its rate of decay was significantly faster than all of the
other species. The second grouping is comprised of S. canis, E. durans and E. avium.
The decay rates for these species are not statistically different from one another, but do
prove to be significantly different from the other three groups. These species display a
medium-short survival time. The next group is made up of E. porcinus, E. gallinarum,
and E. faecalis. These three species demonstrate a longer than usual survival time that is
significantly greater than the previous two groups. The longest lived species, E. faecium,
showed a significantly slower rate of decay than all of the other species examined.
Survival of an organism under laboratory conditions does not ensure success in
natural ecosystems. Conversely, the ability to contain and control species in the
laboratory does not ensure their establishment, survival and adverse effects in the field.
To determine the usefulness of enterococci as indicator organisms, and assess the risk
they impose on recreational waters, it is important to determine their ability to persist in a
natural aquatic environment. Recent studies suggest that some indicator bacteria may be
inappropriate indicators for some pathogenic bacteria, protozoa and viruses (Burton,
1985; Meinhardt et al., 1996; Maynard et al., 1999). A study conducted by Bagley et al.
showed

that

enterococci

most

closely

approximated

the

decay

patterns

of

Cryptosporidium oocysts, Giardia, and E. coli 0157:H7 in laboratory microcosms, with
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survival o f the longest-lived pathogen not exceeding 6 weeks.

In general the data

generated by this study suggest that it is valid to use indicator bacteria studies to predict
the length o f time or distance downstream in which adverse health effects due to the
presence o f pathogenic organisms in natural waters. By studying the microbial ecology of
enterococci, it is hoped that predictive models that forecast survival and efficiency of
indicator organisms may be improved upon.

References
Amy, P.S., and R.Y. Morita. 1983. Starvation-Survival Patterns of Sixteen Freshly
Isolated Open-Ocean Bacteria. Appl. Environ. Microbiol. 45(3): 1109-1115.
Barcina, I., P. Lebaron, and J. Vives-Rego. 1997. Survival of allochthonous bacteria in
aquatic systems: a biological approach. FEMS Microbiol. Ecol. 23:1-9.
Cabelli, V.J., A.P. Dufour, M.A. Levin, and L.J. McCage. 1982. Swimmingassociated gastroenteritis and water quality. Am. J. Epidemiol. 115:606-616.
Clodfelter, C. 2003. Assessment of Beach Water Quality in Texas. Emerging
Technologies, Tools, and Techniques to Manage Our Coasts in the 2E* Century, Cocoa
beach, Florida.
Craig, D.L., H.J. Fallowfield, and N.J. Cromar. 2003. Effectiveness of guideline fecal
indicator organism values in estimation of exposure risk at recreational coastal sites.
Water Science and Technology. 47(3): 191-198.
Devriese, L.A., A. van de Kerckhove, R. Kilpper-Balz, and K.H. Sehleifer. 1987.
Characterization and identification of Enterococcus species isolated from the intestines of
animals. Int. J. Syst. Bacteriol. 37:257-259
Fleisher, J.M., F. Jones, D. Kay, R. Stanwell-Smith, and R. Morano. 1993. Water and
non-water-related risk factors for gastroenteritis among bathers exposed to sewagecontaminated marine waters. Intl. J. Epid., 22: 698-707.
Fujioka, R., and C. Hardina. 1995. Soil: the environmental source of Escherichia coli
and enterococci in Hawaii's streams. Environ. Toxicol. Water Qual. 6:185-195.
Fujioka, R.S., C. Sian-Denton, M. Borja, J. Castro, and K. Morphew. 1999. Soil: the
environmental source of Escherichia coli and enterococci in Guam's streams. J. Appl.
Microbiol. Symp. Suppl. 85:83S-89S

28

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Holt, J.G. (éd.). 1994. Bergey’s Manual o f Determinative Bacteriology, 9**’ ed. Williams
Wilkins, Baltimore, MD.
Kinzelman, J., C. Ng, E. Jackson, S. Gradus, and R. Bagley. 2003. Enterococci as
indicators of Lake Michigan recreational water quality; comparison of two methodologies
and their impacts on public health regulatory events. Appl. Environ. Microbiol. 69:92-96
Kistemann, T., T. ClaBen, C. Koch, F. Dangendorf, R. Fischeder, J. Gebel, V.
Vacata, and M. Exner. 2002. Microbial load of drinking water reservoir tributaries
during extreme rainfall and runoff. Appl. Environ. Microbiol. 68:2188-2197.
Las Vegas Valley Water District. 2003. Retrieved, December 19, 2004 from,
http://www.lwwd.com/html/index.html.
Moe, C.L. 2002. Waterborne Transmission of Infectious Agents. In: Manual o f
Environmental Microbiology. Edited by C. J. Hurst, R. L. Crawford, G. R. Knudsen, J. J.
Mclnemey, and L. S. Stetzenbach. 2"® Edition. American Society for Microbiology,
Washington, D. C.
Morita, R.Y. 1993. Bioavailability of energy and the starvation state, p. 8-16. In S.
Kjelleberg (ed.), Starvation in bacteria. Plenum Press, Inc., New York, N.Y.
Orskov, F., and I. Orskov. 1981. Enterobacteriaceae, p. 340-352. In A. I. Broude (ed.).
Medical microbiology and infectious diseases. W. B. Saunders Co., Philadelphia, Pa.
Rosenblatt, A.L. 2004. The Microbiology of the Las Vegas Wash. M.S. Thesis.
Department o f Biological Sciences. University of Nevada, Las Vegas.
Rutkowski, A.A., and R.E. Sjogren. 1987. Streptococcal population profiles as
indicators of water quality. Water Air Soil Pollut. 34:273-284
Scott, T. M., J.B. Rose, T. M. Jenkins, S.R. Farrah, J. Lukasik. 2002. Microbial
Source Tracking: Current Methodology and Future Directions. Appl. Environ. Microbiol.
68(12), 5796-5803.
Shorrock, F.J., P.A. Lambert, E.J. Aitchison., E.G. Smith, I.D. Farrell, and E.
Gutschik. 1990. Serological response in Enterococcus faecalis endocarditis determined
by enzyme-linked immunosorbent assay. J. Clin. Microbiol. 28:195-200.
Southern Nevada Water Authority, (n.d.). Las Vegas Wash. Retrieved December 19,
2004, from http://www.snwa.com/html/env Iv wash.html.
Southern Nevada Water Authority. 2004. Las Vegas Wash. Retrieved April 8,
2005, from http://www.snwa.com/html/env Iv wash.html.

29

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Standard Methods for the Examination of Water and Wastewater. 1998. 20* edition,
American Public Health Association/ American Water Works Association/ Water
Environment Federation, Washington, DC.
USEPA, 2000. Ambient water quality criteria for bacteria. Report No; EPA440/5-84-002.
United States Environmental Protection Agency. Washington, D C.
Wheater, D.W.F., D.D. Mara, and J. Oragui. 1979. Indicator systems to distinguish
sewage from storm water runoff and human from animal fecal material, p. 21-1 to 21-27.
In A. James and L. Evison (ed.) Biological indicators of water quality. John Wiley &
Sons, New York.
Wheeler, A.L., P.G. Hartel, D.G. Godfrey, J.L. Hill, and W.I. Segars. 2002.
Potential of Enterococcus faecalis as a human fecal indicator for microbial source
tracking. J. Environ. Qual. 31:1286-1293
Whitlock, J.E., D.T. Jones, and V.J. Harwood. 2002. Identification of the sources of
fecal coliforms in an urban watershed using antibiotic resistance analysis. Water Res.
36(17): 4273-82.

30

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Table 1: Turbidity (NTU), total suspended solids (mg 1'*), conductivity (pS cm'*), total
dissolved solids (mg 1'*), dissolved oxygen (mg 1'*) and temperature (°C) measurements
for wash water samples taken from LW 6.05 for use in microcosms. US Geological
Survey (USGS) and Southern Nevada Water Authority estimate total organic carbon (mg
1'*) and alkalinity (mg 1'*) ranges derived from monitoring data.

Water Sample Parameters
Measurements taken at time of sampling
3.0 NTU
Turbidity
Total suspended solids
10.0 mgl *
2584.0
pScm'*
Conductivity
Total dissolved solids
1760.0 mgl*
8.5 mgl *
Dissolved Oxygen
Temperature
21.9 °C
Estimated Range (mean)
113.1mgl*
Alkalinity CaCOa
6.6 mgl'*^
Total organic carbon
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Table 2:

values (h'*), slope (h'*), upper and lower 95% confidence intervals (h'*)

derived from regressions of each individual microcosm.

Species
E. avium flask 1
E. avium flask 2
S. canis flask 1
S. canis flask 2
E. durans flask 1
E. durans flask 2
S. equinus flask 1
S. equinus flask 2
E. faecalis flask 1
E. faecalis flask 2
E. faecium flask 1
E. faecium flask 2
E. gallinarum flask 1
E. gallinarum flask 2
E. porcinus flask 1
E. porcinus flask 2

(h-*)
0.9737
0.9754
0.8416
0.8414
0.9836
0.9198
0.9998
0.9912
0.9077
0.7134
0.9651
0.9464
0.9777
0.9873
0.9344
0.9480

Lower 95%
(h*)
0.01108
0.01121
0.02638
0.02950
0.01487
0.00961
0.05453
0.06289
0.00757
0.01205
0.00540
0.00487
0.00824
0.00849
0.00937
0.01082

Slope
(h'b
-0.0099
-0.0101
-0.0184
-0.0206
-0.0135
-0.0080
-0.0524
-0.0556
-0.0062
-0.0077
-0.0049
-0.0043
-0.0075
-0.0079
-0.0078
-0.0082

Upper 95%
(h-‘)
0.0088
0.0089
0.0104
0.0115
0.0120
0.0063
0.0497
0.0484
0.0047
0.0033
0.0043
0.0037
0.0067
0.0073
0.00625
0.0055

32

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Table 3: Analysis o f confidence intervals (Cl) for individual decay rates to determine if
there are any significant differences between the isolates. Yes infers that mean lower 95%
confidence limit value of column is greater than mean o f the upper confidence limit value
of the row. No infers that mean upper 95% confidence limit value of column is
significantly less than mean lower 95% confidence limit value of row.
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Yes,
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Table 4: Decay rate comparison table. Scores by each species are listed as number of
occasions where the species had a higher absolute decay rate versus the number of
occasions where the species had a lower absolute decay rate.

SHORTEST LIVED
S. equinus (7-0)

MEDIUM SHORT
E. avium (2-1)
S. canis (4-1)
E. durans (3-1)

MEDIUM LONG
E. faecalis (0-3)
E. gallinarum (1-4)
E. porcinus (1-2)

LONGEST LIVED
E. faecium (0-6)
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Figure 1: Map of the Las Vegas Hydrographie Basin, showing the Las Vegas Wash and
its major tributaries: Range Wash, Las Vegas Creek, Red Rock Wash, Flamingo Wash,
Tropicana Wash, Duck Creek, Pitman Wash and C-1 Channel.
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Figure 2: Regression plot of survival for E. avium flask 1. Graph shows the log of the
number of colony forming units plotted as a function of time in hours. Circles denote
actual Y values whereas small diamonds denote predicted Y values. Upper and lower
95% confidence intervals are denoted by dashed lines above and below fitted plot. Slope
of regression is first order decay constant in reciprocal day’’.
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Figure 3: Side by side comparison of survival curves for E. avium flasks 1 and 2. Graph
shows the number of colony forming units plotted as a function of time in hours. Triangle
symbols and a solid line denote flask one. Flask 2 is denoted by circle symbols with a
dotted line.
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Enterococcus avium Survival
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Figure 4: Side by side comparison of survival curves for S. canis flasks 1 and 2. Graph
shows the number of colony forming units plotted as a function of time in hours. Triangle
symbols and a solid line denote flask one. Flask 2 is denoted by circle symbols with a
dotted line.
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500

Figure 5: Side by side comparison of survival curves for E. durans flasks 1 and 2. Graph
shows the number of colony forming units plotted as a function of time in hours. Triangle
symbols and a solid line denote flask one. Flask 2 is denoted by circle symbols with a
dotted line.
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Figure 6: Side by side comparison of survival curves for S. equinus flasks 1 and 2. Graph
shows the number o f colony forming units plotted as a function of time in hours. Triangle
symbols and a solid line denote flask one. Flask 2 is denoted by circle symbols vwth a
dotted line.
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180

Figure 7: Side by side comparison of survival curves for E. faecalis flasks 1 and 2. Graph
shows the number o f colony forming units plotted as a function of time in hours. Triangle
symbols and a solid line denote flask one. Flask 2 is denoted by circle symbols with a
dotted line.
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Figure 8: Side by side comparison of survival curves for E. faecalis flasks 1 and 2. Graph
shows the number o f colony forming units plotted as a function of time in hours. Triangle
symbols and a solid line denote flask one. Flask 2 is denoted by circle symbols with a
dotted line.
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1800

Figure 9: Side by side comparison of survival curves for E. gallinarum flasks 1 and 2.
Graph shows the number of colony forming units plotted as a function of time in hours.
Triangle symbols and a solid line denote flask one. Flask 2 is denoted by circle symbols
with a dotted line
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Figure 10: Side by side eomparison of survival eurves for E. porcinus flasks 1 and 2.
Graph shows the number of eolony forming units plotted as a function of time in hours.
Triangle symbols and a solid line denote flask one. Flask 2 is denoted by circle symbols
with a dotted line.
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1200

Figure 11 : Comparison of enterococci decay rates in Las Vegas Wash water. Y axis
denotes rate constant +/- 95% confidence intervals. Overlap indicates no significant
difference between rates.
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CHAPTER 3

COMPETITIVE SURVIVAL OF NATIVE ENTEROCOCCAL
ISOLATES IN NATURAL WATERS

This chapter has been prepared for submission to the journal of Applied and
Environmental Microbiology and is presented in the style of that journal.

Abstract
This

study was initiated to investigate the survival capabilities of three

environmentally isolated species of enterococci in the Las Vegas Wash. The Las Vegas
Wash (LVW) is the primary collection conduit for all waters generated in the Las Vegas
Valley. It transports these waters to Lake Mead, the source of drinking water for the area
and the location where thousands of recreational users fish and swim each year. The
length of time these organisms are viable in the Wash environment is crucial to
estimating the potential health risks posed by such contamination. In an attempt to clarify
the significance of interspecific competition in a natural water system, the joint survival
of bacterial populations was also examined.

Testing bacterial species singly and

combined in one microcosm, we investigated the selective effects of interspecific
competition on the relative magnitudes of species population decline.
Seeding known concentrations of the test organisms into previously sterilized LVW
water microcosms mimicked the Las Vegas Wash environment. The flasks were

57

Reproduced with permission of the copyrighf owner. Further reproducfion prohibifed wifhouf permission.

incubated, with shaking, at 25°C. Heterotrophic plate counts were performed at specified
time intervals to determine viable cell counts.

After inoculation of the individual

microcosm experiments, all three speeies exhibited a dramatic decrease in viability
during the first week followed by an extended survival period at lower concentrations. E.
faecium retained cell densities in the range of 10^ in excess of 78 days, while E. faecalis
E. gallinarum were reduced to 10^ viable cells in the same period of time.
In the joint survival, competition trends were observed that indicated greater fitness
of E. faecium over the other two isolates. In replicate microcosms E. faecium became the
dominant species after only seven days, and in one of the flasks it represented 100% of
the viable cell counts after the first four time-points. The empirical results, in terms of
enterococci concentration decay rates, provide important information about the potential
longevity of indicator organisms in the natural environment.

Introduction
As a large metropolitan area in the desert. Las Vegas and the surrounding areas must
ensure that high quality water is available to its over 1.7 million residents.

The

management of water resourees is important for maintaining healthy ecosystems,
supplying growing communities with potable water and providing safe recreational areas
such as Lake Mead. The Las Vegas Valley is the fastest growing metropolitan area in the
U.S. The residents and over 30 million visitors per year generate approximately 181
million gallons of treated wastewater per day (Southern Nevada Water Authority, 2004).
The Las Vegas Wash (LVW) is located in the southeastern part of the valley and,
along with its minor tributaries, serves as an urban river draining the entire Las Vegas
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hydrographie basin. The Wash empties into Lake Mead, the area’s principle drinking
water source and aquatic recreational area, at the Las Vegas Bay. As the primary conduit
for storm water, urban runoff and shallow ground water seepage, the Las Vegas Wash
also conveys the entire valley’s treated wastewater effluent. There are three wastewater
treatment plants that contribute treated water to the LVW: the City of Las Vegas, Clark
County Reclamation District and the City of Henderson. Each treatment plant is
responsible for the treatment o f wastewater and monitoring the coliform levels of their
effluent in accordance with the National Pollutant Discharge Elimination System
(NPDES) permits. Although the coliform levels of the discharge are generally low to
non-detectable, concerns have been raised regarding the high numbers of coliform group
microorganisms found in the Wash downstream from the treatment plants.
Several groups of enteric bacteria, such as total and fecal coliforms, fecal streptococci
and E. coli, serve as indicator organisms of fecal pollution. Considering the fact that
healthy humans and animals universally excrete these organisms, they are likely to be
present in higher numbers compared to pathogens, which are fewer in number and are
habitually more difficult to detect.

The presenee of indicator organisms is therefore

thought to be indieative of the quality of the water under eonsideration (Moe, 2002).
Although the presence of indicator bacteria does not prove the presence of pathogenic
bacteria, monitoring for indicator bacteria is less expensive and easier than monitoring
for all pathogens, and it provides a useful gauge of the relative safety for recreational use
of a water body.
In the past, total coliforms have been utilized as the customary indicators for water
quality monitoring {Standard Methods fo r the Examination o f Water and Wastewater,

59

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

1998). Recently, however, many dissimilarities have been brought to light between
coliforms and the pathogens for which they are thought to be representative (Scott et al.,
2002). These dissimilarities are so widespread that they limit the use of the coliforms as
representative indicators of fecal pollution. As a result, fecal coliforms (specifically E.
coli) and enterococci (a subgroup of the fecal streptococci) have been suggested for use
as alternative indicators (US Environmental Protection Agency, 2000).
Enterococci are a monophyletic group related to the fecal streptococci bacteria. The
species in this group include Enterococcus faecalis, E. faecium, E. avium, and E.
gallinarum. E. faecium and E. faecalis are residents of the intestinal tracts of humans and
most animals, and the other two occur in avian species (Bergey’s Manual of Systematic
Bacteriology, 1986). The enterococci are characterized by their ability to grow in 6.5%
NaCl broth and in broth at pH 9.6. The temperature range for these bacteria falls between
10-45°C, which is indicative of their ability to flourish not only in the intestinal tract, but
also survive in nature.
The survival o f enteric bacteria in natural aquatic ecosystems has been of interest to
members of the public health and microbial ecology communities (Borrego and Figueras,
1997). Epidemiological investigations have demonstrated that intestinal enterococci have
become the preferred microbiological indicator of health risks in recreational waters
(Cabelli et al., 1982; Fleisher et al., 1993). Numbers of enterococci in fresh or marine
surfaee waters have been eorrelated with an inereased rate of swimming-associated
gastroenteritis (Cabelli et ah, 1982).

Fleisher et al. (1993) observed the relationship

between enterococci and enterovirus levels in marine recreational waters and their results
showed that enterococci were the only indicator organisms to predict the occurrence of
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gastroenteritis among bathers. Studies conducted by the USEPA also showed a direct
correlation between enterococcal densities in surface waters and marked increases in
swimming-associated gastroenteritis (United States Environmental Proteetion Agency,
2000).
There are many sources of fecal indicator microorganisms ranging from point sources
such as treated sewage and industrial effluent, and non-point sources such as overflows
from storm events, agriculture-related pollution, runoff from urban areas, wild animals
and birds (Stapleton et al., 2004; Kistmann et al., 2002; Whitlock et a l, 2002). An
understanding of the environmental fate of enterococcal species is required to properly
manage important watersheds such as the Las Vegas Wash and Lake Mead.
Most indicator organisms, as well as enteric water-borne pathogens, are bacteria
whose natural environment is the intestine of humans and warm-blooded animals. When
discharged in the feces, these microorganisms frequently gain entry into a body of water.
Once these bacteria are deposited into the water, they are in an environment that is not
favorable to the maintenance of viability of most bacteria (Morita, 1993). Starvation is
one o f the faetors that negatively affect survival (Barcina et al., 1997). Knowledge of
survivability is important since an organism’s survival rate in the aquatic environment
may determine its ability as a suitable indicator.
Several factors are involved in the disappearance of the pollutant microorganisms in
an aquatic environment; the two most important being physical dilution and microbial
inactivation. Both processes depend on a variety of physioehemical and biological factors
such as water temperature, adsorption and sedimentation processes, sunlight, predation
by protozoa, lack of nutrients or competition with autoehthonous microbiota (Rhodes and
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Kator, 1990; Anderson et al., 1983). Microbial interactions (e.g., protozoan predation and
competition) are of potential importance but difficult to quantify (Brettar and Hofle,
1992; Flint, 1987; Roper and Marshall, 1978).
Competition is defined as a negative interaction within a population. Competition
among microorganisms may be intense, with the outcome dependent on several faetors
including rates of nutrient uptake, inherent metabolie rates, and ultimately, growth rates.
Due to the fact that members of a microbial population all use the same substrates and
occupy the same ecologieal niche, if one member of the population utilizes a substrate
molecule, it is then unavailable for other members of the population (Atlas and Bartha,
1998). In natural environments, such as the LVW, some nutrients are present in low
concentrations, which increase the eompetition for this resource. Competition has a
tendency to cause ecological separation of closely related populations (Atlas and Bartha,
1998). This separation is known as the competitive exclusion principle (Cause 1934,
1935; Fredrickson and Stephanopoulos 1981). Competitive exclusion prohibits two
populations o f organisms from occupying exactly the same niche, due to the fact that one
will ultimately prevail and the other will be eliminated. If the inhabitants can avoid
utilizing the exact same resouree at the same time they may avoid absolute competition
and in turn coexist (Atlas and Bartha, 1998).
This paper reports a series of microcosm experiments designed to investigate the
survival and observe interspecific competition trends of enterococci (isolated from the
Wash and wastewater influent) in water from the Las Vegas Wash. The empirical results,
in terms o f enterococci decay rates, provide important information about the potential
longevity o f indicator organisms in the natural environment. Although extrapolating from
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a simplified aquatic microcosm to a complex natural community may sometimes be
questionable, the direct interaction of bacterial species could be expeeted to yield cleareut interpretable results.

Materials and Methods
Enterococcal populations. Bacterial isolates were obtained from water samples of
the Las Vegas Wash at sites LW 3.7, LW 6.05, and from a composite of influent
wastewater from the City of Henderson treatment facility laboratory. Aliquots of 200 ml
were initially assayed on mEI

agar plates (Becton-Dickinson, Sparks, MD) using

membrane filtration to select for enterococci colonies (US EPA Method 1600). Typical
enterococci colonies (gray or white with blue halo on mEI) and streaked onto nonselective Brain Heart Infusion (BHI) agar plates for isolation. The plates were incubated
at 37°C for 24 hr. Isolates were then identified using the BBL Crystal Identification
System (Becton-Dickinson, Sparks, MD) and three different species were selected for the
survival experiments. The species as identified by the BBL Crystal System were
Enterococcus faecium, Enterococcus faecalis and Enterococcus gallinarum.

Isolates

were then propagated in BHI broth and fi"ozen in a 15% glycerol solution for storage at 70°C.
Isolate preparation for survival experiments. Prior to each experiment bacterial
isolates were propagated separately from frozen cultures into 5 ml BHI broth and
incubated overnight at 37°C. The following day, 0.1 ml of each isolate was seeded into
10 ml of BHI broth and cultures were incubated overnight at 37°C. Cells (1.5 ml) were
washed in autoclaved LVW water three times by successive centrifugation and a final re-
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suspension in the LVW water. Centrifugation was accomplished by spinning for 5 min at
7000 g. These washed cells were used for seeding into experimental microcosms at the
initiation o f each trial.
Microcosm survival experiments. Individual survival experiments were conducted
using 125 ml Erlynmeyer flasks as reaction vessels. Prior to each trial, every flask was
washed with detergent, triple-rinsed with tap water followed hy de-ionized water. Flasks
were air-dried, then sterilized by autoclaving @ 121 °C for 15 minutes. For survival
analysis, experimental microcosms were prepared by the addition of 50 ml of autoclaved
LVW water into each of the flasks. Each survival experiment was initiated by seeding
respective flasks with 1 ml suspension of each of the isolates. The flasks were incubated
at 25 °C on a rotary shaker @1 2 5 rpm to mimic Las Vegas Wash conditions. An initial
sample was analyzed from each flask after allowing the bacteria to acclimate for
approximately 15 min. Subsequent samples were analyzed on or about 8, 24, 48, 96, 168
hours and once per week thereafter. Survival of seeded bacteria was determined by
evaluation o f the Heterotrophic Plate Count (HPC) at each time point. The spread plate
method was employed for culturable counts. Serial dilutions (1/10) were prepared using
sterile de-ionized water blanks, followed by plating onto BHI agar.

Plates were

incubated at 37°C for 24-48 hours. Plates with a countable range between 25-300 isolated
colonies were chosen and counts were performed using a Quebec Darkfield Colony
Counter. For analysis, triplicate plates were performed for each dilution, and the average
o f the three was taken as the viable number. At each timepoint 2-3 dilutions were used,
depending on the observed rates of decline.
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Competition microcosm experiment. Competition experiments were conducted in
250 ml Erlynmeyer flasks containing 75 ml of autoclaved LVW water. Prior to seeding,
each o f the environmental isolates was propagated separately in 5 ml BHI broth at 37°C
for 24 hr. Cells (0.75 ml) were washed in autoclaved LVW water three times by
successive centrifugation and re-suspension in 1.0 ml of LVW water. The three isolates
{E. faecium, E. faecalis, and E. gallinarum) were seeded into the flask, and allowed to
acclimate for 15 minutes before initial plating. Platings were performed at times 0, 8, 24,
48, 96, 168 hours and once per week thereafter. Heterotrophic plate counts were carried
out and differentiation o f species was determined as follows: colonies displaying a golden
pigment were considered to be E. gallinarum, while the remaining colonies (both white
in color) were distinguished by picking each colony with sterile wooden eolony picks and
performing fermentation tests using phenol red broth hase supplemented with Larabinose. The colonies that produced acid during fermentation were determined to be E.
faecium while those that did not undergo fermentation were determined to he E. faecalis.
Data Analysis and statistical methods. Linear regression was performed on the
natural logs o f the observed densities with Microsoft Excel software (Microsoft
Corporation, Cambridge, MA). All microbial concentration data were loge transformed
prior to statistical analysis. Bacterial decay rates were assumed to follow a first-order
decay model. This allows k to be represented by the slope of the line of best-fit from
least-squares regression of loge transformed enterococci concentration plotted against
time. All values of r^ derived from regression models were adjusted for degrees of
freedom. Statistical significance, p, was assessed at a = 0.05 (i.e., 95% confidence level).
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Results
Survival of environmentally isolated species in individual microcosms. Survival
curves for duplicate flasks E. faecalis are shown in Figure 2. This organism exhibited a
rapid deterioration in viable cells during the first week of the experiment. From 14 days
(336 hrs) until day 64 (1536 hrs) of the experiment, the cell counts remained at a plateau
around 10^ CFU/ml. A one-log decrease followed the plateau and the viable cells were in
the 10^ range at 78 days (1872 hrs). Another short plateau was observed followed by a
one-log decrease in the last week of the experiment. Viable cells were still detectable on
the 96^ day (2304 hrs) o f the experiment.
Survival curves for replicate flasks of E. faecium are depicted in Figure 3. A one-log
reduction in bacterial numbers was observed during the first 48 hours of the experiment,
followed by a slight increase in the viable cell count in the next 5 days. The trend for the
duration of the experiment can be described as a very gradual decrease in viable cells that
was still elevated in the range of 10^ CFU/ml on day 96 (2304 hrs) of the experiment.
Survival curves for E. gall inarum are shown in Figure 4.

The decline of both

replicates of E. gallinarum can be described as a gradual sloping decay, with no sharp
drop-offs in cell numbers. There was one instance at day 71, however, where both flasks
exhibited a slight increase in viable cells before decreasing again. Viable cells were
detected until day 85 (2040 hrs) of the experiment. At which time, however, the cell
counts were below statistically significant limits and could not be included in the data
analysis.
The r^ values derived from the regressions for each organism, together with the upper
and lower confidence intervals (Cl), are presented in Table 2. These regression results
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provide a 95% confidence interval about the decay rate.

Non-significant regression

(p>0.05) results were produced between the duplicate flasks for all organisms.
Competition between three environmentally isolated enterococcal species. Both
replicate flasks displayed the same proportions of the experimental isolates at the first
time point. The percentages o f each species are as follows: E. faecium -28%, E. faecalis
-32% and E. gallinarum -40%.

Flask one of the competition experiment retained all

three of the species for the first four days.

Initially E. faecium began to decline in

numbers from 26% at 24 hours to only 13% at 48 hours. Counts on day four indicated a
rebound in the numbers o f E. faecium and it accounted for 46% of the viable cells.
During the first four days when E. faecium was declining, E. faecalis was increasing in
numbers rising from 32% to 43% of the cell counts. On the fourth day, however, when a
substantial increase in E. faecalis occurred, the proportion of E. faecalis dropped to 29%
before its absence from the counts after only seven days into the experiment. Counts of
E. gallinarum remained relatively stable during the first 48 hours of the experiment
holding steady around 40%. When E. faecium began to rebound, the numbers began to
decline until it accounted for only five percent of the viable cells on day seven (138 hrs).
At day 14 (336 hrs) E. faecium was the only species observed in the plate counts, but on
subsequent platings, E. gallinarum began to increase in numbers again comprising 13%,
14% and 22% of the viable cells during the next three weeks. On day 49 (1176 hrs) a
shift was observed in the flask and E. gallinarum became the dominant species in the
flask, representing 74% of the viable cells. This trend continued with E. gallinarum
representing 88% of the viable cells on day 56 (1344 hrs) of the experiment.
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Flask two o f the competition experiment only retained all three of the species for the
first 24 hours of the experiment. The numbers of E. faecalis began to increase after the
first time-point and at 24 hours comprised 45% of the viable cells. At 48 hours E.
gallinarum was observed to be absent from the flask and the fractions of E. faecium and
E. faecalis were 69% and 31% respectively.

On day four E. faecium exhibited an

increase in numbers and accounted for 100% of the viable cell counts for the next six
time-points. On day 49(1176 hrs) of the experiment, it was noted that & gallinarum was
again present and accounted for 39% of the viable cell counts. Over the next seven days
E. gallinarum became the dominant species in the flask, and accounted for 61% of the
viable cell counts on day 56(1344 hrs).

Discussion
In many studies the bacterial starvation-survival response has been analyzed in
defined in vitro systems. It has been shown that these starved bacteria developed a
general stress resistance leading to enhanced tolerance to different, otherwise hostile
environmental conditions (Amy and Morita, 1983; Giard et al. 1996; Hartke et al. 1994;
Kjelleberg, 1993).

However, only a few investigators (Nystrom et al. 1992; Van

Overbeek et al. 1995) have addressed the question of whether this observable fact also
takes place with bacteria under environmental conditions where microorganisms are
frequently confronted with multiple starvations.

This is particularly true for fecally-

associated organisms, which are released directly or through wastewater into rivers,
streams and coastal areas. The mechanism behind this stress resistance during starvation
is not understood, but there seem to be several common factors, such as reduced cell size.
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change in cell morphology and production of stress-stimulated proteins that aid in this
induced response (Hartke et al. 1998; Amy and Morita, 1983; Nystrom et al. 1992; Van
Overbeek et al. 1995).
Water systems are often characterized by their oligotrophic nature, and this seems to
be one of the factors that reduce culturability of allochthonous bacteria (Morita, 1992).
The Las Vegas Wash is similar to most eutrophic aquatic environments in its nutrient
composition (Table 1). This lack of available nutrients inevitably leads to starvation,
which is one dynamic that negatively affects the survival of an organism.
To determine the usefulness of enterococci as indicator organisms, and assess the risk
they impose on recreational waters, it was important to determine their ability to persist
in a natural aquatic environment. In the present investigation, microcosm studies have
been carried out to observe the survival of three species of environmentally isolated
enterococci in the Las Vegas Wash system. O f the three species examined, E. faecium
was most able to sustain elevated viable numbers over time, followed by E. faecalis and
E. gallinarum. There was no statistically significant difference (p>0.05) between the
individual regressions of these organisms for the duration of the experiment. Results from
the survival experiments show that they are able to survive well in the Las Vegas Wash
microcosms for extended periods of time.

After the onset of nutrient limitation, the

number of cultivable cells fell sharply in the first few days for all three species. A small
population survived, however, and was able to persist for many weeks. The results of
these experiments show a departure from the conventional wisdom, i.e., that
microorganisms decay at a constant rapid rate. Initially this is correct, 90% reduction
within the first seven days, however over time the die-off rate slows. The bacteria appear
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to display a starvation-survival response and adjust to their surroundings, slow their rate
o f decay and persist for long periods of time in the nutrient-deficient environment (Amy
and Morita, 1983).
In regards to their ATCC counterparts (Chapter 2) the environmentally isolated
enterococcal species were capable of sustaining viability for significantly longer periods
of time. Comparative survival curves for both strains of E. faecalis are depicted in Figure
7. The environmental isolate (96 days) was able to survive in the Las Vegas Wash
microcosm almost twice as long as the ATCC derived isolate (49 days). Environmentally
isolated E. faecium (Figure 8) was able to persist in the Wash water in excess of 96 days,
whereas the ATCC species was not detectable after 74 days. E. gallinarum (Figure 9)
isolated from the Las Vegas Wash was able to sustain viability in the microcosm (85
days) for three weeks longer than its ATCC complement (53 days), showing the least
difference in longevity between the three species. These data reflect an inherent
difference between environmental isolates and American Type Culture Collection
(Rockville, MD.) strains. These findings are in contrast to a study conducted by Pettibone
et al. fl987), who determined that use of ATCC strains was valid to demonstrate the
effects of estuarine water on fecal streptococci. Given that the current investigation took
place in Ifesh as opposed to salt water, and decay rates of enterococci in these two water
sources vary significantly, it is reasonable to conclude that the use of ATCC strains may
not be suitable for comparison in fresh water environments.
Survival and competition are interrelated and often used interchangeably in microbial
ecology. However, while survival is an important parameter in predicting the risk
imposed by an organism in the environment, competition between the introduced bacteria
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is another way to ascertain if the organisms have an ability to endure in the environment.
The survival of enteric bacteria discharged into recipient systems is affected by abiotic
factors (visible light, salinity, temperature) as well as by biotic factors (predation and
competition). Barcina et al. (1991) stressed the importance of predation by phagotrophic
protozoa in the elimination of allochthonous bacteria. Enzinger and Cooper (1976)
reported that the survival of E. coli in natural waters is a function of protozoan predators
and observed a higher number of predators resulted in a rapid decline of E. coli cells.
However, the overall results indicate that bacterial competition, antagonism, and even
bacterial predation were relatively unimportant in removing coliforms from estuarine
waters.
The species utilized in this experiment were isolated from the Las Vegas Wash (E.
gallinarum) and from a composite sample of wastewater influent (E. faecium and E.
faecalis). Due to the fact that these organisms were already living outside of their natural
environment, one could assume that they would be previously adapted and thus, able to
sustain themselves in the microcosm experiments. One would also expect that survival of
these organisms individually would be maximized for lack of negative interactions such
as competition and predation. When all three species of enterococci were combined in
two joint microcosms to examine the effects of interspecific competition on survival, one
species, E. faecium, was initially found to negatively affect the others and dominate the
viable cell counts. As the experiment proceeded and viable cell densities decreased, E.
gallinarum was able to rebound and ultimately become the dominant species in both
flasks. In this study, all of the isolates survived longer in the sterile Wash water because
of a lack of competition.
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In summary, although a simple microcosm design was employed, it yielded data
regarding the survival and competitiveness of three environmentally isolate species of
enterococci without the presence of confounding factors. While survival of an organism
under laboratory conditions does not ensure its success in a natural ecosystem, it allows
for estimations, which can lead to proper management of natural water systems.
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Figure 1: Map of sampling sites along the Las Vegas Wash.
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.h ii

Figure 2; Side by side comparison of survival curves for environmentally isolated E.
faecalis flasks 1 and 2. Graph shows the number of colony forming units plotted as a
function o f time in hours. Triangle symbols and a solid line denote flask 1. Flask 2 is
denoted by circle symbols with a dotted line.
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Figure 3: Side by side comparison of survival curves for environmentally isolated E.
faecium flasks 1 and 2. Graph shows the number of colony forming units plotted as a
function of time in hours. Triangle symbols and a solid line denote flask 1. Flask 2 is
denoted by circle symbols with a dotted line.
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Figure 4: Side by side comparison of survival curves for environmentally isolated E.
gallinarum flasks 1 and 2. Graph shows the number of colony forming units plotted as a
function o f time in hours. Triangle symbols and a solid line denote flask 1. Flask 2 is
denoted by circle symbols with a dotted line.
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2000

Figure 5: Experimental values for percentages of species present in flask 1 of competition
experiment at 10 time-points.
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Figure 6: Experimental values for percentages of species present in flask 2 of competition
experiment at 10 time-points.
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Figure 7: Comparison of survival curves for environmentally isolated E. faecalis and
ATCC E. faecalis isolate.
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Figure 8: Comparison of survival curves for environmentally isolated E. faecium and
ATCC E. faecium isolate.
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Figure 9: Comparison of survival curves for environmentally isolated E. gallinarum and
ATCC E. gallinarum isolate.
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2000

Table 1; Turbidity (NTU), total suspended solids (mg 1'*), conduetivity (pS cm'*), total
dissolved solids (mg 1'*), dissolved oxygen (mg 1'*) and temperature (°C) measurements
for wash water samples taken from LW 6.05 for use in microcosms. US Geological
Survey (USGS) and Southern Nevada Water Authority estimate total organic carbon (mg
1'*) and alkalinity (mg 1"*) ranges derived from monitoring data.

Water Sample Parameters
Measurements taken at time of sampling
Turbidity
3.0 NTU
Total suspended solids
10.0 mg r ‘
Conductivity
2584.0 pS cm"*
Total dissolved solids
1760.0 mg r*
Dissolved Oxygen
8.5 mg r*
Temperature
21.9 °C
Estimated Range (mean)
Alkalinity CaCOs
113.1mgl'*
Total organic carbon
6.6 mg r*
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Table 2:

values (h *), slope (h'*), upper and lower 95% confidence intervals (h'*)

derived from regressions o f eaeh individual microcosm.

SPECIES
E. faecium flask 1
E. faecium flask 2
E. faecalis flask 1
E. faecalis flask 2
E. gallinarum flask 1
E. gallinarum flask 2

(H-*)
0.8280
0.7390
0.8160
0.7842
0.9198
0.8650

UPPER 95% Cl
(H-*)
0.00285
0.00148
0.00301
0.00290
0.00378
0.00314

SLOPE
(H-*)
-0.00419
-0.00220
-0.00414
-0.00408
-0.00452
-0.00402

LOWER 95% Cl
(H-*)
0.00554
0.00293
0.00521
0.00526
0.00525
0.00489
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CHAPTER 4

GENERAL DISCUSSION

Water quality in the state of Nevada is an increasingly important issue. Eighty-eight
percent of the water utilized by Las Vegas and the surrounding areas comes from the
Colorado River via Lake Mead. Lake Mead is also a heavily utilized recreational area for
residents and visitors alike. The Las Vegas Wash (LVW) returns all of the Valley’s
treated wastewater along with urban run-off, shallow groundwater seepage and storm
water flows to Lake Mead. Concerns have been raised about the elevated numbers of
fecally-associated microorganisms found in the Wash and particular attention is being
paid to the health affects that may he associated with contact with contaminated waters.
Microbiological research of the Las Vegas Wash has ineluded spéciation studies,
bacterial resuscitation investigations and antibiotic resistance analysis of environmental
enterococci (Rosenblatt et al. 2004).

The previous investigations have revealed

significant information about the microbiology of the Las Vegas Wash and the current
study aims to elucidate the capability of enterococci to serve as indicators of fecal
pollution in this dynamic system. The findings that will be discussed in this chapter
include:
i.

Enterococci are capable of extended survival in the Las Vegas Wash water.
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ii.

Some species of streptococci and enterococci are not well suited for survival
outside o f their specific host organisms.

iii.

The environmentally isolated enterococci persisted for a greater length of time
in the Las Vegas Wash microcosms than the ATCC species.

iv.

Enterococcus faecium exhibited the longest survival time of all species
examined, in both the ATCC isolate and environmental isolate experiments.

V.

Based on enumeration in the competition experiments, E. gallinarum became
the dominant species over time.

The fecal indicator bacteria are used to measure the sanitary quality of water for
recreational, industrial, agricultural and water supply purposes. It is generally accepted
that these fecal indicator organisms cannot grow in natural environments outside their
host, because they are adapted to living in the gastrointestinal tract. The Las Vegas Wash
is similar to most oligotrophic aquatic environments in its poor nutrient availability.
Questions were raised by this investigation of the ability of the Las Vegas Wash to
sustain microbial populations over extended periods of time. Results show that even
though this harsh environment varies significantly from the normal habitat of these
organisms, it is in fact able to sustain viability over time.

All eight ATCC species

survived in the Wash microcosms for a period of at least seven days with the longestlived species lasting 74 days.

As well as ensuring its survival for long periods, a

starvation-induced survival state seems to confer some protection against a range of
environmental stresses (Flahaut et al. 1982; Giard et al. 1996).
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Enterococci have adapted to a diverse range of nutritional environments. In its natural
habitat in the human or animal gut it can benefit from a nutritionally rich environment,
yet as it leaves the digestive system it must endure periods of starvation if it is to survive
and ultimately populate in a new host.

Some organisms are not able to make the

necessary adjustments in order to remain vital outside of their host organisms.
Streptococcus equinus is a species whose natural environment is the gut of horses (Hodge
and Sherman, 1937). Although there are numerous stables in the Las Vegas area, some
adjacent to wash tributaries, S. equinus is not commonly isolated from samples of the
LVW. A similar situation presents itself in regards to S. canis, an isolate found primarily
in dogs (DeWinter et al. 1999). One might expect that canine waste would be carried by
urban run-off into the LVW, yet it fails to show up in Wash samples as well. Given that
S. equinus and & canis only survived in the mock Wash environment for seven and 21
days respectively with no competition or predation, it is reasonable to assume that they
might not be well-suited for survival outside of their specific host organisms. It is also
noteworthy that these two species are streptococci, not enterococci. Compared with the
enterococci, streptococci seem to be more fastidious and not as able to adapt to survive
outside of their normal environment. Adaptations such as the ability to live in a broad
range o f temperatures and at higher salt concentrations may impart a competitive
advantage to members of the enterococci in the aquatic environment.
Another question that arises is the representative nature of American Type Culture
Collection (ATCC) isolates to that of naturally occurring species. The lyophilized
cultures have been propagated in the lab, sometimes over many years, and it is not known
if this affects the integrity of the organisms. More often than not, ATCC eultures are
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utilized in laboratory experiments. This is most likely due to the ease of obtaining pure
cultures without having to isolate them. To determine if ATCC cultures survived as well
in the Wash environment as natural isolates, three relevant species were chosen for a
comparison study and isolated from samples of LVW water and a composite of
wastewater influent. The three speeies selected were E. faecium, E. faecalis, and E.
gallinarum. These isolates were chosen because they displayed the longest survival times
in the ATCC microcosm experiments and were among the most commonly isolated
species in a spéciation study of the Wash conducted by Rosenblatt et al. (2004). All three
environmental isolates out-lived their ATCC counterparts in the microcosm experiments.
The ATTC cultures o f E. faecium, E. gallinarum and E. faecalis persisted in the Wash
microcosms for 74, 53, 49 days respectively, while each of the naturally isolated species
survived in excess of 85 days (JE. gallinarum) or 96 days (E. faecalis and E. faecium)
under the same conditions. One explanation for this phenomenon may be that since the
environmental species were already exposed to harsh surroundings, they were members
of a more resistant subpopulation. Another interpretation could be that the ATCC cultures
are not as representative of the species that we find in natural environments.
Out of the eight different species tested, E. faecium proved to persist the longest in
both the ATCC and the natural isolate survival experiments, surviving 74 days and in
excess of 96 days respectively. E. faecium is most commonly associated with humans and
other warm-blooded mammals (Devriese et al. 1987; Rutkowski and Sjogren, 1987;
Wheater et al. 1979).

Its presence in the Las Vegas was is of concern due to the

increasing awareness o f health risks related to contact with contaminated waters. The
enterococci have proven the most reliable predictors of illness in marine and other
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recreational waters. Enterococci are considered to have a higher degree of association
with outbreaks of gastrointestinal disease than fecal coliforms (Cabelli et al. 1982) and
were recommended as the hasis for bacteriological water quality standards in the 1986
USEPA document Ambient Water Quality Criteria fo r Bacteria.
Quality standard are established on the basis of an acceptable risk model generated
from epidemiological studies. The acceptable risk model assumes that every activity,
such as swimming in a lake, carries a certain risk of illness and that most people are
willing to risk becoming ill or sick from participating in water-related activities if the
probability of illness is low (USEPA, 2000). It is widely accepted that the illnesses
reported have a probable viral etiology (Kay et al. 1994).

In the absence of robust

analytical techniques for the enumeration of probable pathogens from environmental
samples, the enterococci provide perhaps the most appropriate surrogate.
Sunlight, competition from other bacteria, predation by protozoa and other
microorganisms, lack of food sources and inhibitory environmental chemicals are
reported to limit the survival time of intestinal bacteria from a few hours to days in water
(Davies et al. 1995; Davies and Evison, 1991; McCambridge and McKeekin, 1981).
Observing the effects of more than one variable on survival can be difficult to quantify.
In this thesis, the role of inter-specific competition was evaluated as it relates to survival
of three environmentally isolated species of enterococci. The robustness of E. faecium
extends beyond the species’ ability to survive on its own. The competition study began
with replicate flasks containing approximately equal concentrations of all three
environmental isolates. By day seven of the joint survival, the only species that remained
was E. faecium, however, as cell density began to decrease, E. gallinarum became the

99

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

predominate species in the flasks. The fact that E. gallinarum is the most commonly
isolated species fl"om the Las Vegas Wash lends support to the observed results in the
joint survival. Although individual survival alone is not indicative of the competitive
fitness of an organism, it might point to characteristics that make it better suited in that
environment.
Enterococci provide valuable information on the baeteriological quality of natural
water systems, especially because these bacteria rarely multiply in natural waters and are
more persistent than E. coli. One of the initial aims of this study was to attempt to
connect survival o f specific species with potential sources of fecal contamination,
however the data generated are insufficient to permit identification of specific sources.
Determining the species of enterococci or fecal streptococci in a water sample may
provide general information about the probable animal source, but because some animals
share the same species, it cannot be used with a high degree of accuracy for this purpose.
Enterococci are not only specific to fecal sources, and may come from both insects and
plants, however, contributions from warm-blooded animals typically makes up the
majority of the enterococci measured in natural waters (Scott et al. 2002).
To determine the usefulness of enterococci as indicator organisms, and assess the risk
they impose on recreational waters, it was important to determine their ability to persist
in a natural aquatic environment. In conclusion, the Las Vegas Wash proved to be able to
support the viability of several species of enterococci; the environmental isolates
survived at much higher cell densities for longer periods of time than the ATCC cultures,
and inter-specific competition does seem to have an effect on the survival of enterococci
in the Las Vegas Wash environment. In general the data generated hy this study also
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suggest that it is valid to use indicator bacteria studies to predict the length of time or
distance downstream in which adverse health effects, due to the presence of pathogenic
organisms in natural waters may occur. By studying the microhial ecology of enterococci,
it is hoped that predietive models that forecast survival and efficiency of indicator
organisms may be improved upon.
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